Ohmic heating is a developing innovation, with vast number of real and future applications. The possibilities for ohmic heating include blanching, evaporation, dehydration, fermentation, extraction, sterilization, pasteurization and heating of foods, to serving temperature. The knowledge of electrical conductivity of food materials and mathematical models are considered important, for the designing of the ohmic heating system. This review paper describes the concept, experimental setup and applications of ohmic heating.
INTRODUCTION
Conventional heating processes essentially consist of, heat-transfer mechanisms of conduction, convection and radiation. The internal resistance by conduction results in very heterogonous treatment and notable loss of product quality. To overcome these problems, alternative technologies utilizing electrical energy directly in food processing, have attracted interests in the food industry in recent decades. Development of new technologies for thermal food treatment is still of great industrial and scientific interest. Ohmic heating is one of these new technologies. Ohmic heating technology has become attractive in the past few years, due to the availability of energy at reasonable cost and improved designs.
Ohmic heating is also termed as 'electro heating' or 'resistance heating', in which food is heated by passing an alternating electric current, because of the electrical resistance of the food. Heat is generated instantly and volumetrically inside the food materials, due to the ionic motion. The amount of heat generated is directly related to the current induced by the voltage gradient in the field, and the electrical conductivity of the materials being heated (Icier &Ilicali, 2005) .
The mechanism of ohmic heating is taken from Ohm's Law on the basis of the voltage, resistance and the current. It is considered as one of the modern technologies, where the food is converted into an electric resistance.
The alternative current passes through the food, and the electrical energy is transformed into heat energy. The heat is distributed inside the food uniformly and rapidly. The heat direction shall be from inside to outside, on the contrary of using hot surfaces in the traditional methods in which heating direction is form outside to inside and slower. Modern developments in the designs for ohmic heating have turned out to be accessible in the past two decades.
The specific enthusiasm for this innovation comes from continuous food industry enthusiasm, for aseptic processing of liquid particulate foods. Traditional aseptic processing for particulates depend on heating of the liquid phase, which at that point exchanges heat to the solid phase. Ohmic heating evidently offers an appealing option, since it heats food materials through internal heat generation (Ruanet al, 2001).
PRINCIPLES OF OHMIC HEATING
The basic principle of ohmic heating is illustrated in Figure 1 . The water and ionic salts present in the foods act as an electricity conducting mediums and also they have a resistance which generates heat, when an electric current is passed through foods. The both ends of product body, was connected with electrodes, which were supplied to AC voltage. The rate of heating is directly proportional to the square of the electrical conductivity and the electric field strength (E), (Ruanet
al,2001).
Adjustment of electrode gap or the applied voltage varies with the electric field strength. In any case, the most critical factor is the electrical conductivity of the foods and its temperature reliance. On the off chance, that the food has more than one phase, for example, on account of a blend of liquids and particulates, the electrical conductivity of the considerable number of phases must be considered. The electrical conductivity increased with rising temperature,
proposing that ohmic heating turns out to be more effective, as temperature increases, which could hypothetically bring about runaway heating. A distinction in the electrical resistance and its temperature reliance between the two phases can make the heating attributes of the system exceptionally convoluted. Since electrical conductivity, was affected by ionic substance, it is conceivable to alter the electrical conductivity of the product (the two phases), with particle (e.g. salts) levels to accomplish effective ohmic heating (Ruanet al, 2001). 
OHMIC HEATING SYSTEM
power, current and voltage, distance between electrodes and electrode configuration main design parameters. Electrical conductivity and heating rate of foods, and type of food materials are also consider (Lima, 2007) .
designed and fabricated an experimental setup, for studying the ohmic heating behavior of
The schematic diagram of this setup, is shown in figure 2 .
and 2) Data acquisition system. The ohmic heating unit includes was used to supply single-phase alternating current, flat stainless steel electrodes and a heating trough
The data acquisition system consisted of the following elements: Digital Conductivity Meter and the temperature and electrical conductivity can be read and recorded age across and current intensity through food samples by passing on the current consistently into the heating medium. Different materials, up until this point, have been utilized as electrodes in various ohmic heating related research studies and applications. In this e, which has been accounted to be, the most electro chemically active electrode material ohmic heating at all the pH values (Samaranayake and Sudhir, 2005) . Electrodes were associated with the variable transformer control supply. The food samples were placed in the heating trough, and then the thermocouple was inserted the center of the sample appropriately. 
ADVANTAGES OF OHMIC HEATING (Fellows, 2000 )
• Heat exchange coefficients don't constrain the rate of heating
• Temperatures adequate for UHT process can be accomplished
• No danger of surface fouling or burning of food that there is no heat exchange surfaces
• Thermal sensitive foods are not harmed by confined over-heating
• It is suitable for viscous liquids because heating is uniform and does not have the problems associated with poor convection in these materials
• Energy conversion efficiencies are very high (>90%)
• It is suitable for continuous processing.
CONCLUSIONS
Ohmic heating is a developing innovation, with vast number of real and future applications. The possibilities for ohmic heating includes blanching, evaporation, dehydration, fermentation, extraction, sterilization, pasteurization and
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www.tjprc.org editor@tjprc.org heating of foods to serving temperature, including military field, or in long-duration space missions. The knowledge of electrical conductivity of food materials and mathematical models, are considered important for the designing of ohmic heating system. The effects of the applied electric field, the incident electric current and the applied electric frequency, during ohmic heating over different microorganisms and foods (at molecular and cellular level), still need to be more deeply studied. There is also a need for the development of ohmic heating system, for large scale food processing applications and also research is needed, for the development of ohmic heating system for domestic purposes. Therefore, understanding, characterizing and modeling this phenomenon is required, in order to optimize and possibly exploit its effects.
